In humans, each hemisphere comprises an overlay of two visuotopic maps of the contralateral 29 visual field, one from each eye. Is the capacity of the visual cortex limited to these two maps or 30 are plastic mechanisms available to host more maps? Using an integrative approach of 31 submillimeter fMRI, diffusion-weighted imaging and population receptive field mapping, we 32 found three hemiretinal inputs to converge onto the left hemisphere in a rare individual with 33 chiasma hypoplasia. This generates extremely atypical responses in striate and extrastriate 34 cortices, specifically an overlay of three hemifield representations. Unexpectedly, the effects of 35 this large abnormality on visual function in daily life are not easily detected. We conclude that 36 developmental plasticity including the re-wiring of local intra-and cortico-cortical connections is 37 pivotal to support the coexistence and functioning of three hemifield maps within one 38 hemisphere.
Introduction 42
Topographic maps of the contralateral visual field are instrumental for the functionality of the 43 human visual cortex and are considered a core principle of the notion of hemispheric 44 specialization (Huberman et al., 2008; Wandell et al., 2007) . A fundamental prerequisite for the 45 formation of these maps is the partial decussation of the optic nerves at the optic chiasm. Here the 46 fate of axons from the eyes is decided such that axons from the nasal retina cross the midline and 47 Three overlaid hemifield representations revealed by pRF mapping 137 Based on the response lateralization pattern observed in the submillimeter fMRI data, we 138 speculated that a significant part of the visual cortex on the left occipital lobe receives input from 139 three hemiretinae, from the two hemiretinae of the ipsilateral, i.e. left, eye and from the nasal 140 hemiretina of the contralateral, i.e. right eye. To test this hypothesis and to determine the specific 141 mapping of the three inputs, pRF mapping (Dumoulin and Wandell, 2008) was performed during 142 monocular stimulation of each eye and hemifield separately (see Methods). In the control 143 participant, visuotopic maps of each hemifield were found on the contralateral hemisphere (see 144 Figure S2 ). Remarkably, stimulation of the left eye in CHP revealed orderly organized . Importantly, the residual normal representation from the 153 right eye was much more extensive than that from the left eye ( Figure 3D ), which is consistent 154 with the above submillimeter fMRI and DWI findings. Notably, this residual normal 155 representation appeared to be superimposed onto the other two maps from the left eye ( Figure 3 156 A & B). As shown in Figure 3D , the residual normal representation of the right hemifield covered 157 a large part of V1 and spanned the entire polar angle range, from the lower vertical meridian in 158 the dorsal portion of V1, through the horizontal and to the upper vertical meridian in the ventral 159 portion of V1 and thus followed the normal retinotopic pattern. The observed retinotopic pattern 160 of this residual input was not restricted to V1 and partially spread to V2 and V3. In conclusion, 161 we found a superposition of three retinotopic representations i.e., two representations from 170 To compare the activation of the early visual cortex across the three hemifield-mapping 171 conditions and to assess how the activation is propagated from V1 to V2 and V3, we determined 172 the area of activated cortex in the early areas of the left hemisphere. As a reference, we used the 173 condition of contralateral hemifield mapping via the left, i.e. ipsilateral, eye (normal input) for 174 normalization and thus determined the relative activated area for both ipsilateral hemifield 175 mapping via the left eye (abnormal input) and contralateral hemifield mapping via the right eye 176 (residual normal input). The normal and abnormal inputs from the left eye activate a similar 177 expanse of V1, V2 and V3. In contrast, the residual normal input from the right eye activates 178 smaller proportions of V1, V3, and specifically V2 ( Figure 5A ). Subsequently, we obtained a 179 measure of the reliability of the input for the ROIs that comprise the overlay of the three 180 hemifield representations (ROI 3maps ). For this purpose, we determined the goodness of fit of the 181 pRF model, i.e. mean variance explained (VE; Figure 5B ). Although the area of cortex mapping 182 the residual contralateral input of the right eye is smaller, the VE associated with this input does 183 not appear to be markedly reduced compared to those driven by the normal and abnormal inputs 184 of the left eye. These findings indicate the propagation of the triple hemifield input from V1 to 185 the extrastriate cortex. The assessment of pRF-size properties and V1-referred connective field 186 (CF) estimates in V2 and V3 suggest that the cortico-cortical connectivity underlying this 187 propagation might be altered in CHP (see Figure S3 ). left V1-V3 does not decrease below 92%. For the right hemifield stimulation of the right eye, the 211 relative activated area of V1, V2 and, V3 is smaller, covering 50%, 28%, and 85%, respectively. hemifield stimulation of the right eye (gray bars) in V1-V3 restricted to the overlapping area of 215 the three maps (ROI 3maps ). The VE for all three maps is relatively similar in V1 and V3 ranging 216 from (49-37%) and (41-45%), respectively. For V2 it is reduced to 34% for the right hemifield 217 right eye condition. To assess the fine-grain structure of the left V1 in CHP, which receives triple input from both 222 hemifields, we revisited the submillimeter fMRI data. The differential responses to left and right 223 eye stimulation were visualized on an anatomical image and across the cortical surface at 224 multiple sampling depths (see Methods). Alternating and elongated patches were observed in an 225 anterior ROI, (ROI signal ), drawn in the banks of the calcarine sulcus, demonstrating a differential 226 preference for the left or the right eye ( Figure 6A ). The width of these patches was between 1 to 5 227 mm. This variation is expected due to the effects of fMRI, namely, BOLD blur on cortical 228 sampling and subsequent aliasing. To test the reproducibility, the data were split into two halves 229 i.e. odd and even scans and the analysis was repeated for each half. Similar clustered patterns 230 were observed for both halves, demonstrating scan-to-scan consistency ( Figure S4 ). It should be 231 noted that based on the current data, we cannot infer the spatial segregation of the ocular Figure 6B , left panel). The selectivity index was compared between ROI signal and each ROI noise 241 using receiver operating characteristic (ROC) analysis across superficial, middle and deep layers.
Responsivity of the visual cortex receiving triple hemifield input

242
An additional comparison was also performed between the selectivity in ROI signal and the 243 averaged selectivity of all the ten ROI noise . As illustrated in Figure 6B Figure 7C ). In the absence of geniculo-striate rewiring, the 299 resulting cortical organization pattern is a retinotopic representation of the contralateral visual 300 hemifield, via the left eye, that is interleaved with combined retinotopic representations of the 301 ipsilateral and contralateral hemifield, via the left and right eye respectively. We, therefore, 302 termed it in analogy to the nomenclature introduced previously (Hoffmann and Dumoulin, 2015),
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'Interleaved Combined Representation'. In fact, such a pattern would result in the macroscopic 304 cortical mapping we observed in the left occipital lobe. Moreover, it would predict, at the 305 mesoscopic scale, regions that are more strongly activated by one eye than the other, and vice 306 versa. This is in accordance with our submillimeter fMRI findings of two interdigitated neuronal 307 populations with different eye preference on the left hemisphere. It should be noted though that 308 the domain receiving input from the right visual hemifield, receives input from both eyes, thus 309 reducing the differential activation via the two eyes. Further, we can, at present, not tell whether Figure 1B ) and for right hemifield mapping ( Figure 3D ). We conclude that fixation 408 instabilities are a highly unlikely source of the observed cortical triple maps. Finally, it might be 409 argued that the comparison of the observed findings in CHP with strabismic amblyopes with a 410 similar level of acuity would be more informative than the healthy controls. However, no 411 alteration/shrinkage of the ocular dominance domains has been reported in a previous 412 postmortem study of an individual with strabismic amblyopia (Horton and Hocking, 1996) . 413 Furthermore, the retinotopic organization of the visual cortex in these patients does not 414 drastically differ from the controls except for enlarged pRF sizes for the amblyopic eye 415 (Clavagnier et al., 2015) . It is, therefore, concluded that the interpretation of the observed striking 416 cortical organization in CHP does not depend on the reference group. 
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The participants were requested to occlude the right eye and view the stimuli with the left eye for 457 a green fixation cross, and vice versa for a red one. An MRI-compatible camera was used to view 458 the dominant eye, to ensure that the participants were doing the task correctly. voxels were included whose pRF fits exceeded 15% of the variance explained.
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The connective field parameters were estimated from the fMRI time-series, using CF modeling 638 method that predicts the neuronal activity in one brain area with reference to aggregate activity in CHP were restricted to the region with the overlap of all three maps (ROI 3maps ). For both maps 827 from the left eye (middle panels), the pRF sizes increase as a function of eccentricity and through 828 the visual hierarchy (similar to the controls). This expansion through the visual areas is most 829 evident from V1 (black) to V2 (cyan) and V1 to V3 (blue), whereas the difference in pRF sizes of 830 V2 and V3 is smaller. A similar pattern is observed for the right hemifield map of the right eye 831 (right panel), except for V2 where the pRF size is not increased across visual hierarchy (i.e., V2 832 pRF size < V1 pRF size). This might be associated with the lower VE and the lower relative 833 activated area in V2 (see Figure 4) . Similar patterns were observed for both halves of the data, indicating within-session consistency.
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Conventions as for Figure 6 . 
